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INTROBUCTION 


wae Thies work is pert of 2 cenorsl project. to 
invostigate the properties of plent protointe “ho sroat 
weriability in the miture of plent protein requires thet 
its properties be attecked simultoncously by mony rosearch 
toolse Chie porticular work doals with the development ef 
apparatus to study the plant proteins when spread on water 
‘surfncets By monane of this apparatus it is hoped to meaose 
ure the moloeular weights and the eloctrical ané mechenical 
cheractoristics of sproné protein moloeruicte 

When a substance spreads on e liovid sertacc to 
@ thieknoss of one molecule, it is eslicd 4 monomolooular 
211m. | 
| or Monomoloevlar filme (or monoleayors) are 2 most 
interesting state of mattor. in thom the molceviocs or 
eften arranged in = vory simple mannor, so thet by a study 
of the films much ean bo learnod ap to the sice, shapo end 
form of tho moleculos,. onoleayers may oxiet in many diffe 


: surface to the three principal states of mattor in tho throc 

Gimonoions, aolid, liquid and gaseouse Tho principol facto s 

deeiding the stato of the surfaco films cre the amount and 

distribution of the adhesive forces botwoon the molecules 

laterally. wnolayore hove moasurable arfects on the 

mochanical, Olootrieal and optical propertios of the surfer . 
Por tho investigation of the proporticse of sr 


monolayers two mothods are used.e 
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(2) 
| as Determination of the drop in suric goe0 tension 
; wasn * isa ° yore bring obout by moans ef 2 fim balan C06 
i Ane (2) Doterminatien of the change in eurfaee 
| potontior which the — prodnece , | 
Shose methods are semetimes eupp ohasenten by 
Pieties of | 
(a) emponheton aatterni invoiving the use of 
in “tntioator ei1". 
| {b) the viscosity ef the sprend films at 
varying preesurcet.s 
fe) optical effeeta produced by shonee in 
| the structure of tho film 
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When 2 small amount of =n incolubdie substance 
is placed Om @ clean water surface, one of two things 
may happens Tho substance may rem-in as 2 compact, Pa8B, 
leaving the rest of the surface closn, or it may spread. 
ws over the eurface. If th enorry recuirements for 
“apreading are fulfilled the subetence vill spread over 
‘the whole of the surfsec forming = iim one pelooule 
‘thick. If the erea is not large cnough to nccormodnte 
“eit ‘er tho substance 26 8 ronolayer the finol state of 
the surface is ono in which. the greater port is covered 
ow a monolayer, tho excess of the substance boing present 
as a lensg or lengote 

There aro three theories with respect to 
spreading (1), (2). 

{1) Lora Rayleigh's thoory in which it ic 
considered that 21) liquide eproad on wetor and that 
lenses of a liquid do not form on voter unless the surfoce 
| of the wator is contaminated by some fcreipn aubstancde 
* (2) Zangmuir's thoory which states: Liquids 
whose molecuice contain poler grovp)se cpronad on vetor;if 
polar groups are not presont the liquid will not agents 
Thus: "The only subdstancos which eprosd ero those whose 
molecules contain both hydrophilic (weter-loving) and 
hydrophobic (waterehating) partae" 

{(S) arkin’s theory, 2 genoral thermodynamic 


theory which may be appliod to 21] liquide, to *ho spreadin 
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ile filme on solide. The thoory is based on the 
ept thet there are two types ef spreading: 
(A) Duplex of D spreading. | . 
. €B) Don-d@uplex or 1 spreading. | 
A duplex film is defined as « 241m 20 thin as to have 
properties which are practicsiily independent of the 
foree of gravitation » but which is scfficiently thick te 
allow the interfecisl energy, both free ond totul, of eech 
of its interfaces te be the samo as whon both liquids 
are present in the bulk, so that cach interfece is in- 
dependent of the other. 4 non-éuplez film may be spread 
dircotiyfrom a throe-dimoncionsl liquid or selida, or it 
may be formed by the transformation of » duplex film, 411 
non-auplez 011 films on weter, whose etructures aro mom 
are moneisyeree 

Duplex spreading: The theory of the spreading 
62 o Guplex film my be otated in the following way: If 
@ Grop of on ineolubic o11 (bd) is plecod on 4 clean wator 
(a) surface it may or may not sproed. If the 011 likes 
itecl? (Web) botter then wator (WA) it will not sprood, 
while if it likes tho water botter than iteelf, it will 
epread,. Uxpreesed quantitativoly: 

Sep = aie Brum Wa~ Web 
loners ~ (35) is the rate of decrease of the free 
energy (f) of the system with an increase of area (co | of 
the duplex film. WA is tho work required to pull the oil 
and water apart over an eroa of 1 Bue cme and od is that 
required to rupture a bar of o11 with a cross section of 
1 8G6 C@e A considoration of theso processes gives values 
for WA and "eb ae follows. 
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So, Se = ee Oe eae) 
A4pplicetion of the equation to benzene results 
im the following value for S44, the initicel spreading 


coerficicnt: 
Sha = Va — (1a) = 72.8- (289 +380) = BY ergs(erm*™ 


Thus on ineroase of 6&9 orze in the free enersy resvit 


for an ineresse of 1 ea. Che in the eres ef the duplex 
film. Zhis indiesates that puro dry benzene sheuld spread 
rapidly to forma duplex filme 

However, since the extremely thin duplex film 
of bonzene becomes s»turated with water very rapidly, the 
coefficient of spree: ing, which may be designated the somi- 


initial coefficiont, bocores . 
Sy = Me = (Apt + ab vg & Be Cee 4350) = GBergsfem.* 
whore the primo indice ates th 40 eaturotead with o,. The 


vyaluo of this coefficiont indicates thet wet benceno alco 
Spreads on & Glean weter surface to form duplex film. 
If bd and a are mtuelly ooturetod, then 
Shar = Ya'- O's + Yet) = 622-488 +350) = -/6 ergskm’* 
Thies may be Gesigneted ar the finel epreading coofficiont. 
The nogotive value Pr the finel opresding ceefficicont in- 


G@iestos that benzene wil] not spread ovor tho eur’nce of 


baal 


water if the liquids are mutually onture‘ed. he v 
change botwoen the semieinitial and final ecoorficient o 
of spreading is due to a decreaso of 10.6 orra/scecm in 
the free ovrface energy of tho -ater rvrfacds 

How if the free evriface onorgy of the mutually 
saturated oyetom is subtracted from tho free surface onorgy . 
of the clean water syotom, there in obtained as a aiffoer- 
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: te by dedunition the £iim ‘preacnve, on the 
in Je "ae 7% indieotce that the fiIn of 
the oft b de an equilibricon with © lene of the oil. 
i Tmo i) aifgerence fm the two eprending ceerficiente 
+e yiorae e Foeult oqucl te the film proernre for & non 
_ anplex: #1im of bensene on the water. Orperirent con’irns 
this value anf yaiues obtaine’ by cimiler celevleticn 
for other gubstanceo eneh ae earbon disviphide and neth- 
a) Ou 10diie. Por the cubstances Invectipated it vex} 
bs appear that the final coofficimmt of enresding ie negativo 
: ea fn @ii esces an? hence tho ronelsyer io elvaye more ‘gtedio. 
i # than the @uplez film. ‘This expleine why uniferm pelyrol- 
i - eevlar 642 f2ime on veter have not been found to. eriat 
| #0F any considerable timo, “hue therrodynenics predicts 
“] that liquide with 6 poeitive initial epreading coefficient 
Gey epread on woter te form duplex filme, on’ that there) 
 trene’orm themacives inte lenece «nm moncloyore 
| It would appear that polor croupe are not 
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mecooeery for cpreating, but, conoisering 
aa es pF +% + %ab 
for anit creas the prosonee of 2 hydrophilic grovn eveh 


oo C608, On, Uy lewors 7. ond aide in spreading. The 
‘preconee of © hydrophilic group in compounds tende te 
wake thom polubie. fydrecarbens cre choreoterioticelly 
oF ; inootudto dn water. If eroups ouch af «COOH, -OF, lillp, 
Nd -00gH aro eudstituted inte a hydrocarbon they tend 
te miko it teter eoludies The hydrocerben portion io 
hyfrephetiie. if the hydrecarben chain ie arall en! the 


ant patrstie eoide, prevent cores Siete 
coulbe « and if a drop ef ‘hese aeids : 


~ (ieee 
Bites, ove age ppreading will ceeur.s 
proenil 


eFere or the mOleenies are dissclved 
the hydroesrbon or hydrorhebie 


2 110 on the gurfaco or ere orientated 
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_ 4 substance dissolveé in © liquid will de one 
of two things to the surface tension of the liquid: it - 
will either raise or lowe: it , (J). If the addition of 
the gelute raises the surface tension, it is said to be 

_ eapillary imactive; if it lowers the surface tension, the 
solute ie capillary actives ost inergenic clectrelytes 
in appreciable coneontrations are capliliery inactive, Soans. 

proteins, ong oa great many other organic compounds are 
eepilliery active. Capillary active scbhstences are posit- 
ively adsorbed at the surfoce ef the liquid, thet is, the 
concentration of the dissolved substance is higher ot a 
surface than in the bulk of the solution. Tho relation 
betweon the change in surface tension of © solution and 
the amount of solute adsorbed ot the surface is given by 
Gibbs* adsorption equation: a 2a ae 

in which 2 is tho concentration of tho solute at the 
surznce in excess of that in the solution, © is the bulk 
concentration of the solute, %2 is the rte of change of 
tho surface tension with concentration, and Mis tho rete 
ef change of tho osmotic pressure. of tho solute with concent- 
rations If the ideal gas icwvs are assumed to apply to tho 
oomotic prossure of the solute, thet is, if 

PS CRT IG 

ac 
then Gibbs* oquation becomes ~ = ~ 7%, Ea 
Using the Gibbs" equation and valuvos of Z obtained from 
om ompirical oquetion proposed by Ssyeckovski to cescribe 
the eurfaco tonsion loworing of a solution containing a 


eee 


(9) 


eapillery active solute, Langmuir (4) wes able to show 


thet the short chain fatty acid moiceules in concentrated 


‘go0lutions were oriontated to the surface when od@sorbed 


at the surfeee. 

Thus it can bo scon that the surface tension 
of water is lowered both by spread monomoloevlar filme of 
insoluble substances ani by the prosence of surface active 
or capillary active soluble substances @icsolved in the 
waters 


: The mechenisn ‘of sproading of insoluble sub- 
_ stances on water is disoussed by Adam (5)e The motions 
of the water molecules oeuse the oxpanding movement of 
the oil d@rep, The molecules of water cre in constant mo- 
.tion perallel to the surface, aifmoing to long distancon. 
The 011 moleeules adhere to thom, and aro carried oute 
warie along the surface by reason of these surface dife 
fusing motions, If the liquid is one which spreads stably, 
then the spread film has © lower potentiel onorgy then the 
drop, 80 that the molecules which have left the drop to 
form a film stick to the surfaces; the surface 4iffusing 
notions go on continually underneath tho drop, ond the 
oil molecules whieh eproed first are continually boing 
pushed out farther by tho surface pressure of those just 
leaving the drops If the liquid is 2 non-spreading ono, 
a fow molecuies may diffuse out along tho surface 2 littilo 
way, but boing lowes stable on the surface thn in tho 
drop, thoy will soon roturn to the drop, and will not 
stick to the surfacde 

The sprosding of some liquids, for oxamplo, 
portiolly oxidised Imjol, into a thick unstable sheet 
showing interference colors is probably duo to tho motions 
of tho moleculos of the oil, 41°%Msing in contact with 
tho wator, transmitting tho outwerd motionsof’ the moiece- 
ecules to the upper layers of the oi] by viscosity. Those 
are the duplox films of larkine, As soon as the whole 
surface is covered, however, this film brooks up to form 
& monomoleoular film in oquilibrium with visible drops 
of the ‘Liquide Volatile substancos opread in a similar |. 


ae one? 


a 


bs Lf Fey 
alld 
eee 


¥ =i 
7 t » 


in 7 . : oS - vere ag 
‘ees Ue 
ey waa 
7 a 


(12) 


ge 9 BstiS 
i hy Al hie Based 


The film balance used for determining the 

arep in surface tension, otherwise mown os tho surfsee 
pressure, ray be ono of tvo types: the horizen tal baisnee, 
firet developed by Tenemmir (5) or the Vilhelny belenco{6). 
Those differ in princip#@ ond each hae ite advontages. 

Por measurement of low sverface pressures, 2 sensitive 
Balance is required, sensitive to pressnre differences 

Of 0.01 dynes /eme or loss. Bither of the abeve belanece 
may be used <= or both sirwitancevsiy. ‘1 belence of the | 
langmair-Adem type wae aveilablie at the beginning of the 
etuay, but wos of a rather low sensitivity -- of the 

order of 065 dynes) /em, A Vilholny balance was also 
constructed so thet the two balances could be used siml- 


taneously for measurements of the surfece proesurte 


(A) Hogrzomra, PIaa BALANCE 
In order to mderstand the morner in which 

the horisonteal film balance functions = brie? account 
of ite theory is necessary. Figure 1 illustrates the 


marmor in which messrroments are made 
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Figure £ 


A p#Hight floating strip 4° beunds tho film at ono ends 
therois an area of clean water surface te the right of 


A». The area available for the film oan be veried by 


: (18) 
va the heavy varrior i St Gb etter ani of the 
mr The light fleat 4 is comected with senc i 
Anetrunont, for measuring the outward force per oonti- 
a. 0" ex (7{ exerted on it by the fiir. ‘his force is 
‘ Known ag the surface presevre. | 
iia ‘The eomection betwoon the surface presmarce 
% ay a of the film an@ the surface tension of the film covered 
: “gnrface is alee vor simple. Surface tension is the free 
energy por unit ares of the surface, or the work vhich 
“mst be Gone to increase the area of the srrfoce by one 
i gquare centimeter, tf the Zloatine borvicr 1 is @isplseod 
| a smell distance 7% to the right, then the work done on 
E- it by the surface pressure * is “4/4 whore 4 45 the 
‘ “‘Jongth of the floss. But if ” is the onrfarce tension 
ef the Clean weter ourface ond Y’ that of the film 
covered eurface, on srea bdx of free energy 7% has been 
replaced by one o? free energy ’ , ond the vork dors 
net be O-W/4X There two expressions for the work 
done met be equal, hence ~-7-y’ . The surface pressure 
ie therefore eqval to the @imimution of the surface 
tension o2 the water covered by the filme. Harkins 


hes shown thet the horisontsl1 foree on the float is 
independent of the tilt of tim Tioat and of the wey 

‘the liquid sarfece wets the Moat (6). 

. ( 
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F 1. Accurate moesuroments with the horizontal daloncds 


The easential points requiring ottention for 
accuracy are as follows: 
(a) the barriers used to confine the fim 


rst be proof againet loakage, undor any gurfoce proseure, 


| - ae | 
: : a must be hoovy enough not to move under the gurlaeo 
ss pressure; | 
fe ee (b} Leakage ef the 211m part the ends of the 
"ai | light floating barrier rust bo prevented in such a way 
is? sb ag to inter2are ao Little ae — with the sensitivity 
ef the measuriog instromont; 
fe) sufficiontiy sorsitive reane of weagering 
the force must be provided; 
(a) ait the apperetue 7 mist be es eleen es 
. pecatine and meens wost be provided for monsuring the 
anount of O08: ptien of the surface which is sireys 


te) ca] dnourate - means of moneuring the snount 


aVangr 


In forming substance put on the surfece must be 
lebles 
Ww the solvents for dissolving the spreading 
oo ond the underlying liquid both mist bo froo 
rom all eppreeiable traces of film forming 


¢ materials; 
{ge} the whele of the apparatus should be housed 
sure wmiform temperature » and, if surfece potentic? 


SOnts are eondueted giewitencotely, toc helance 


sh IS Se 


heuld be shielded against elisctries1 dicturbonces. ; 


2« The Rideal belantes 
fhe Rideel belance available ot the beginning 
of tha wtaby is shomm diegrametically in Pigure 2e Its 
constreetion woe bese? on a design by Rideal (7). There 
_ 4g 8 trough on three leveling serowe (not shown ), fi1l0d 
te the brivw with weter; an instrument with one torsion 


Figure 2. 


Diagram of Rideal Balance. 


soured, Ploced toward one 
ouimetely 10 om. of clean 
, behing it and a , considerable length of 
ace in front, af the inetriert, on which the 
film ie. epreads Gleee bersiers about 1 om. wide, 5-4 mm. 
"thick, 16 ome lene, eontea with » peraffin was, sre used 
ea to clean the surface in front of end behind the flest 44 
Bn are seo ured to compress the MIM, 
ae = aa | The trough is & pyrex dish heving s level ereund 
: . efge whieh is waxed Wher warm with pere’fin from benzeno 
a golution. The float te @ etriy, ef rica atiaehed te the 
torcion wire IT by means ef the Yeo aped stirrup meade of 
; Qerelunioon an@ is shorter tian the width of the trough 
| by abeut 5 te 10 mm. teaks are provented arownd the ends 
of the Moat by roars of vaselinod rub oer threads vhieh 
are fastenet te the ficsat and the efige of the trough in 
the form of 0 Us 
; | a pirror, attached te the stirrup just abeve 
the torsion wire by soane of 2 eral? sadéie 3, is need 
| with a light aod sereen arrengeront to ronder visible 
deflections of the flost. At sero pressure en tho flost 
2 . the tension and sero twist of the tersion wire enn be 
7 | adjvueted by the serew srrangenent Sf on the right hand 
4 pide of the head. 


. . 

SS The inetrumont ie used sc & null instrament. 
.”. k 

A With the preseuvre on the fliest transmitted to the torsion 
F | wire to proavee a toro, indicated by the mirror, the 


torque in compeneate?d by twisting tho wire to nove the 


enition by meore of the Vers gear 


: fle t side of the heed. The torque 


i 48 reacured on the seale 8 « 16 a rensure 


' ose ‘necessary to bring the Pleat back te sere. 
‘The pan ip sepperted on the heet et the eni ef the erm = 
Thich is in turn atteehed to the etirrup on a level with 

terpion wire ard at right exc¢los te tho etirrupe A 

ideration of reovents “bet tho torsion wire vith 
3 © in the pan rakeo it possible te ebtain a cali 
re jon ourve for the torsion wire usea in dynes / ome 
5 ficet. Gne bolt of the thrond@ et the onds of 
iho Tlon 1p considered so being part cf tho float. 
ah “position of the birrier for compressing the 211i 
yetive to the “leet is 4eterrined by tro rulos D set 
O1 to the trovgh. “ho relee ore produsted in 
an@ the area of the film can be dotor-ined 
an securacy of about one perco te 

Calibration of the wire indicated thet one 
poole @ivieion van equal te 0.40 dyres / ere Tooke's 
‘ Yaw ene oboved over the range of ‘ho veonle within cone 
alii 
Se Mritetions of the Hideal balaneco. 

Althoneh the M4ideal b Ieree sorvea well for 
measurercnte at higher aurfsce preervros, from 1 te 20 
aynoe / ome and fer Aevelopmont oe? technique in surface 
film sindies it pescecsed sorions ic. dvantegeie 
The lack of a rochanies}] deviee to bring the 


= 


t to core end te held it there while the surfsee 
a  @leoned exused <he sero te change everytire 
: 78 disturbed. ‘hie Giceouraged the use of 


et. fhe mirror at‘acheé to the stirrep just e>eve 
r : i 9 level of the torsion wire reved throveh the sane 
cae " angie as the float with respect to the wire. ith 3 
ereil inerements of pressure this angle vas erall and 
@eflections were too oli te read sceurctelye 
The threads ettached dircetiy to the Pleat 

ai sides of the trovgh wero troublesenee Violent 

_ -surfece disturbances esused the threads te tear loose 

|: fren the sides snd necessitated frequent repairs and | 
- gopotiticn of experinrente. The direct cttachmont of 
the throaia to the float and trough divided the surface 
into two eeparate sections exch of whieh heé te be 
@leaned. ‘The section behind the fleat was tee short to 
seul officiont cloanine so that sceurs £0 reasurenent 
of surface prossures wos bavperod. 
i Maras] operation of the berricrs made it 
. G1fficxit to contre] the tempereture an @ to shield the 
apparatuo for oleoctriceal nersnsore: Ge Uniform compression 


of tho filme in an important fonture but bod to be ignored. 
p. Por inetanco, a smooth movement of 5 rme of the berrier 

7 whieh was the roxinwm decrease in srea desired for each 

: pressure roading, wee diffierlt te perform manunliy. 


@. Tho now horizorntel film belonec. 
A new horinontal film Delance was designed 
by the writer to overcore those Liritations and for the 


bing measareconte at lew pressurce 
1 ~ ore vewelly in evidence. the dosien 
‘ aged on the Ridecl balance ard 
B whet the Writer considera the best fenturce 
ee Geseribed by Perhins (2), Adan (5), 
i iainitie (6) an@ Philippi (1C).with original rea@ifie>ticns. 
= hee been constructed 66 ef te eliow the sirmeltancsus 
‘4 nse of a Withelny balanes end the sireltareens measure- 
im if —— of surface potenticics 
ie The head or meseuring device of the balance 
‘ rags “te shown in Figure 3. ‘Tho flent As ie © Pica strip 14.53 
rs a oe lon. Tho ends cerry grnll eortical ntripe of mica 
in - fixed te the float by reans ef Apiezon vox. ‘These sre 
: 7 “an turn atteehod to strips of gold ridbon 3, 3 mm. vide, 
oy O01 Te thier and a proxirotely 2 ere lone The ether 
pers ond of eoch Tibbon is attached to the foot F of a brass 
o os. attached at ite upper ond te the main cross piece & 


| a  @f the heads When the herd is in position sheve the 


=o 


i 
. ‘trough the foot roste enugly on the cidor of the trough, 
7 a held there by tho action of two srall cire lar springs 
_ encenled in tho fcote The foot is partly cut awey so 

as to aliow port.ef it to extend half the width. ef the 
, gona ribhen inte the rater and three prevent leakase of 
of ; the film post the ribbon and foot. The rib»ene are in 

; & tagure 3 ohoapo, lie peralliel to tho ciléoo of the trough, 
hal? in the water ené heli ont ard pass directly back to 
. the feet. chus proserre on the float meroly flettene the 
: . 8 shape of tho riboons, eaures ne eh nge in the saree of 

the £11m Guo to the movement of the ribvens and the 

" 
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™ rood net, be considered when the pressure per unit - 
‘ited the Mest is ealevlotcds | 

a Sho float. ie attached by means of the atirrup 3 
wo the wrror torsion wire il, ‘che stirrup ie extended 


” , ert the fleat and ini te ite optimum point. ‘The long 
om x, 4.60 Om, Whieh is perpendicular, te the plane cf 
| the stirrup is provided with a heck from whieh henge the 
_ pen vec in the ealibretion of the torsion viree The 
——_ is ecuntorbelanced by extending this arm bovend the 
Jaen wire an@ providing it with a serew and net adjust} 
ment Woighte 


ae 


} ter the torsion wire MM, 0.127 wm. in dianreter, 

| Ag 0 phoarhor-bronses Its tension con be oéjreated by the 

Same arrangement used with the Ridoal belence, a nut 
| whieh frave a threaded rod threuch a hele in which it ean 
| be tumea only if a set screw is loosered. “he worm gesr 
‘and ecole of the Rides] belance is used ‘o turn the wire 
and reseure the reevitent torjve, tut the sexsle is Pitted 
with ea vornier pointer whieh permite readinge to 1/10 of | 
@ seale givision (062 degrees). 

The stirrup ean be elarmped to sere pesition by 


—_ 
 - 


the device © pictured in mere detail in the diagram 
Figure 4 By pushing the red { until it ie free of the 
tiny slot in ite bushing BU, then turning 1% through a 
erell angle the stirrup is first leveled, preventing 
forward ond backward moverent cf the flent, snd is then 


gs 


ae 


a 


Rifas 
Ree tues 


re PL, thus holding the flost 
Me eoition. The mechanisn when reversed 
oie ¢ the » pders and then the leveling device. 
| the mirror B ie carried ix = vory light ne2éer 


C0 “a torsion | wire vory elose te the surface and 
ind ad float. The torsion wire, 0.08  m. in dicreter, 


ie te adjusted for torsion ena tercve in the same manner 
i oh as the upper wires A short tail extending down fren 
a = ee deel: ef the rivror and nearly touching the euriat 
ie te Joined at ite end by a short piece of Silver wire , 
- maa in @iaroter, to the contre of a erall U shaped 
a , boom attached to the float, end whieh extends 
ont over the surface beyond the tirrer. ‘thus ory 


ra 


: “a 7 proper exerted on the float fror the film side of the 
: y Ps trovgh and eave ine 4t te move will rall the virrer 
ne en angle of eersiserahly greater naepritude than 
the angle through which tho fleat itsel’ reves. The 
ae teil ef the mirror, oxtended uprmeris «cove the rivrer 
| ; 5 and hont et ripit engles, carries a orei1 sheet of metal 
whieh fdavpe movements of the rirvor. 
Extra riépidity is *iven to the frame ef the 
head by the séditionsl eress piece "3. The tue vertienl 
‘poste which sup-ort the heed snugly “it inte tve holes 
provided in corresponding suppertes which ore part of 
the bose, Pigure 5, Be. The head oar therefore be easily 
removed from ite position on the treugh for cleaning 
ond other purposes wi thot the loonering ef clasps or 


other devicoa. It can aleo de raised bringing the float 


Figure 4. 


Zero release and clamping mechanism. 
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. erfeeo te oller the pasenee of 
enetaco | hon euseping it glean «of 
mee shonien | Per raising on@ Joverine 
Oe heag ‘tn Py eon @evice with tee eccentric 
sa eormon axle, {eee “igore 6). 
The: trovgh (60 E16 % 2 er.}, made of cant 
nr, 40 costa with a Sekolite Isequcr to meke it 


cs electriesiy6 ‘che aiées ana better of the dneide of the 
; WEL ere machi od 2 B erceth “inish, the width of 
ol trough Doing exostly 16.92 om. A choliow pon mee 
is 2 of copper of the game size ao the trong: ie ottse?oa 

to ite Dottome ‘Sater eon be elreviated through thic 


eae 


a Phas ous level i "f ecreve mounted on the frome. 
2 ~ of : ie two verties] pupperte, Figure 5, fe 

“The e2m io comprenco’d by weving the por. ffined 
- giose eras J (Pagure 6) over the water surface, ~ ich 

; de éene with the @ig of « lene seeurtely crrebived sero. 
_ One turn of the eorer moves the elice forcerd 16°? mr. 
and tho counter , Figure 5 K, is uscd te roesra tho 

_— nombor or turne made with an aeceursey of 1/20 turn, or 


the sweeping mochanien concsiete ef tre 
fingers @, two rectengulor redo, riding supports for 
the “ingore, a toothed wheel ang ehain for iviving the 


Og - and & synehrondsing atteebrent (chew in “igure 2) 


which. rakes 1 it pooritlie te turn beth rede at the sare 


uotZeredo toy Apeet soueTeg Lequoztzoq °9 eangsty 


Dh tes 2 Dri — 


Figure 7, Sweeper sychronizing device 
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ime and 20 ‘lever or raire the — tepether. With 
sit - vepsible net only te clesn the whele 


moebenier fingesrpe 


a f ) balance is else provided with « ieee 
ee i a | Pagure 8, oe for the electrode used in Surface potential 
i: | nteée The earrings reste on tce horizentel 


- patie rorning ot right engles to the longth ef. the 
eons and sere @istence above it. “he cerricee ean 
x be Griver 2crose the trough by turning the long read TR 
; oa “ whieh drives the carrinse along. by reane of tvo ninety 
= degree gear wheels and a serev. The rails ané cerriage 
eon ther be roved parallel te tho balance by terning 
"the long shaft Ws. Which esctustes = genre’ pinien to 
move Sleng the suprorting recks Tie This arrangerent 
‘permite tho com lete explore? ion of the surface by the 


si 


| The whole bealenee is oncioco’ in 2 denble- 

walled copper enne with & window previded at tho rirror 
_—s en for the light to onter «nd leave, and with a double- 
valled Plerigice ‘rort, "igure 8 ‘he shefte which are 
need to actuate the controls of the bolence re fitted 
with eronke whieh paee throtgh bush mee in the box and 
the plezigian front. A small door in the front ef the 
hem permite ready secese to the d=lance «rd is used for 
introdneing the f13m forming mtericl. 

The belanee itcelf ig eet on “our projecting 
atoel pores from a lerze ( 2X SX 2) et.) concrete block 


Pigure 8, 


Short range view of complete apparatus assembly 
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. gat tonchings the penne: 
7* one inch  Bipe fr toe - 


(23) 


i:  *whieh in turn reste on two inchos of cork on 2 egonerete 
eis. a. floors ef 
‘provides a 


sori prevents vibration and the conerete 
steady and Lirm support Zor the belences “he 
pore pees through suitable holes im tho copper doe with= 
box ig supported seperetely by 


end mm intestines at © constant temporeture by means of 6 
bensone- mereury ther 
the walis of the copper tank an@ the botter of the trongh 
by gravity flow ond then roturncd toe the reservoir by 
moans of a gmali contrifugel perp. “he reservoir sits 
above tho herizontel balance on a woedon plictform 

supperted by the same stend as the copper bor. it Gan 

be seen in Figure & behind the Vilholmy balancee he 
control ponel of the surface potential opperctus is 
fastened to the front of it. Figuro 9 is « viow of the 


oir at eanmnecity £5 Litres , 


repuiater ic passed throvsh 


Interior of the box with the beliance in roritions 


(3) THE WILNEIMY BALANCE. 

| fhe VWilheImy method of determining surface 
tensions consists in measuring directly by moans of a 
balenee the ane of tie surface of the liquid on the 
perimeter of 8 hody euch ac a vertical microscope slide 
partinliy immercsed in the liquid (6). If ~ is the 
width ef the slide and ¢ is its thiclmoss, ite pori- 
moter ig 2(¢+ ay) « Then if Y is the angle of contact 
and 7” is the surface tension, the vertical force 
fve to the puli of the gurfece 
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The deflection of the beam of the bala=ee is 
hs mead on « secle rounted about siz feet in frert of the 
_dolance by meane of a telescore feevsed on & srall mireecr 
mountes cn the beam of the balernce jurt in rent cf the 
centre hmifte edge. The sero point read: = ' the seale 
ie tekon while the water surface ics clenr. he presence 
| ®6f & filr on the vater serface lowers the serf<ce tension 
G0 the slide rices and thie deflects the bea o” the 
balances 
Prom equation (1) we may write wher =O 
Ye = 2ltre/ay ~ GE w (3) 

Sime 12 the weight © is held ecnetant (2G=O }, the 
change in gurfece tersion 47 will be provortional te the 
ebange in the depth of immersion of the ¢elide of, or 
@hAl1 de lections of the boam 4% ic properticrel to AS, 
the change in the read 2 of the eerle vioved tl re the 
telescore. (ce then heave 

Mende 2 (f7) 47-445 (4) 
in whict. he is the factor of prorcrtionali‘r. 

The calibration of the | ilhel yr lanee eorsiste 
in Gotermining the prover*ionslity o& by noting 
deflocticns of the balance beam as for =d2e8 voirhts 
on the balance par rith the elife re ‘ly irmmersod in 


® clean veter surface (A%*2), Then we hove the relation 
ees ga (5) 
a 


The reGuetions of the aurfece teneion,a7 , or 


surface ~reseures, caveod by the presence of the fir en 


25 


ww) MECHOD OF MEASURING CHANGES 1 sUAPACE POTENTIAL. 

The surfase potentiel change (AV) produced by 
aprend monomelc'wlar leyers can be mecsured in the following 
Mammere ‘The uir shbeve tho airelicuid boundry is mede 
_Yecally conductive by means of 2 radicoactive polonium 
| preparations Dipping inte the licuid is 2 esienmel electrode. 
The potential difference between the calorel electrode and 
the polovinun preparetion depends on the locei conditions 
in the air Liquid boundry. The presence of a monolsyer 
gives a change in the surface potenticl, which can be 
reaeured With « perventioneter and e type of electrometers 
‘Thies mothod of meseuring wees originsteé by Guget and Pruritin 
(20) ond modified by (dam end Herding (11) and others, (10), 
(12). 

| The electrical eirenit deviec’ for use in con= 
junction with the pelonéim ana ealomel eloctrodes is based 
on thet of Adam nnd lerding, who usol © triode electrometer 
(21). The circuit of mm Bridge ond Brom (13), involving 
the use cf an FP 54 tube developod especially for omplif- 
deation of omeji diront er-rents, »ronetitutes an improvoe 
‘mont and is usef, ft is shown in Figure lde — 

In order to undoratand how the circuit funetions 
consider first the portion to tho right of the dotted Llinte 
Por simplicity it ean be regarded es 2 Yhoatstone bridge 
in which R5 end R7 form two of the resistance arms, and 
the filament-to-plete resistance and filanent=-to-space- 
charge-grid resistence form two other armte “he resistance 


pals 
a 
a 
: 
te 


°OT ernst 


Ey 1y | 


zy Q 


| = 
Ly oY | + U0 72 VAPGL 


I 


+ if S) j/ a2 
SY (4) @ t | 4) y a P MOP UunzIE- 
g 
cA | <— Ybnosy 
ry | © apengnye 
: wane 


( Mmotg pues esptaqngq) 


STVIGNGLOd WOVTUNS ONIYASVAN YOX GBINONIN GANL-dNO CazZITIadvis 


(Re) 


___-86 way be considered a part of the tube resistance. A 
a condition thet the geivononeter current be sere is 
. ie L Zz P = fol L@ | oc 
| in order thet thie centitien rerain setisiied when tho 
 Bettery voltage chances, or the filement omission chenges 
| for any reason, it ice furtier necesoory tho 
| ee 
Por thece esomitions te be sntisfied in generel, it world 


eh 


be necessary, for tho Tp Voreus We . and Zs versus [7 
@urvee to be straight lines intersceting ct & cormon point 
on the Z axiGe ‘he tubes de not hove this cherscteristic, 
bat ever short renges the tangents tc the Lp ena /s 
curves do satisfy this condition, =x it is possible to 
edsust the repictances in the circuit so that this can be 
made to cocur at approzimately. the reted Lilement current. 
? The adventege of this incenious cirenit is thet 
any change in the filament omission cue to varistion in 
bottery voltage or desactivetion of the filoment is compen=- 
pated. Also, short period fluctuations in the filament 
emiosion ere balanced out. The high input resictanee of 
the FP54 tube, of the ordor of 1076 ohms ronders the tobe 
emi this cirevit very useful for the measurement of surface 
potontiole. | | 

whe proceitre in bolencing the cireuit is 26 
follows: Tho grid is first ereunted by closing the switch 
BO. Then with the comree goivanomoter G2 in the cireuit, 
thet ie with the switch in position T2 ond 85 adjestod so 
that the galvanometer resds sero whon Tz ies noar ite 
rated value, Ip is slowly voericd by resme of the rheostat 


ae 


*‘Vith ¢ ivanoneter eennected so that a positive — 
efleetion ic des & @eoroces in the plete eurrent, 


heulé pese throu a reeieum volue for 
pome vetue of Lf . | 7 
12 406 weve for © westeme to not within 


Mm of the mtea volve for the tubo, the adinste 
| ment of 27 oné 85 will bring the balance point te a aiff- 
erent voluo of 74 » ‘Tho adjnuetrent ie finsliy made vith 
the sensitive calvenometor Cl in the circvite 
Heving obtained « raxirmm in the galvenometer 
@eflestion corresponding to the rated filomont current, 
% in only mcoseary to chance 85 and h4 te moke the 
moximm coincide with o cere dofliection of the eaivanomoters 
Gho evitch AB is then clecod oni the potential 
of tho standard coll S io balanced by verying the potont- 
fal on the potentroreter P, aroin no doflection on the 
_ pevanonetor G boing noticesdie. Tow by vorying the pot- 
ential on P so thet the prid eequires 1 lmown potential 
_ 8 @eflection on G ic obteinod, oo rrespondi ng to the applied 
— grid potential P minus S. Tiue the pt lveromotor deflections 
are ealibrnted in terme of applied erid potonticl. 
The sviteh et B my now be opened bringing the 
polonium end calomel electrodes into the circuit. ith a 
elesn water eurface omer tho polonium oloctrode, and P 
got to cancel S, the grid aseumes a potential ¥, noted by 
the deflection on Ge A film ie then placed on the veter 
surface and a nov rend ne of the potentisl is noted Voe 
‘mon AV-¥,-(. = change in potentiol dw to tho 
presence of the monolayers 


(80) 
2) besenIyss 305 OF $ CRE SUE SPAGE POORUTIAL APPARATUS 
|  Ghe gesistences” as Re, Re Wie, R, 


= ena 1 the mil}iometor I with connecting wires 2x2 neunted — 


in 0 netel dex which can be seon in Ficure 8, attached te 
‘tho eide of the reservoir bez. “ho bottom of this control 
bes ic shielded by « mctel sereon. Goth the bex on’ sorcen 
ere grointes. fhe tube ie plecod in - seperate motal box | 
with rorevable ecver dir eetiy above the centre ef the 
thermostat bez. ho tube bor is fastened to the better 
‘0f the veoten pletferm which supports the ‘ilhelny Beloree. 
The switch ABC io also contiincd in the tube bez ond is 
mado of eopper with polyetyrono insulation. 4 serpili con- 
‘ustion trough containing phosphervs pentozide ie piseed 
an the tube bor to eneurc © ary otmocphoree “Tho frida lead 
ig short 2nd pasece @iroctly threaush 2 coppor tubo shield 
to within the thermostat copper bor. * spring cecil of 
e0f6 copper wire conrecte the erid load to tho polonium 
oloctrode. The tubo ber ond tie thermostat Dae are both 
grounded. | 

| The potontionetor {Typo Fl) the conrse polvan- 
onoter, stanéord gel] and aviiteches are 221 plocod on a 
motel ecroen coverod table next to the horisontal balance 
ana O11 clrovit lIeade are shielded. A endle covered wire 
ig used for Loads im 211 oapor whow shielding is nocessorye — 
Ghe betteries are contoinod in a heavy wooden bor with a ? 
retail top, outting darn tomporntere finctuction en’ ovtside 
Clcetrionl disturhbences wiieh contribute to drifts ef supply 


VOLTALOe 
The conrso gelvanomotor is a Leeds ond Jorthrup 
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) sencitive one ie a 


% ee the ‘Polensun Meetrote. 
4 aes ‘Se pelenton or pelentur covered iver ‘olect= 
potte > va ap proyarcd by setoting a mmek2 Tiat ciromlor oiiver 
is ths golntion of vontly acidic polonium chieride 
tee = the fethod of I. Corfe (24). 2olontun for fo FP) 
® fron tie aocer opition of reaction ond rey be cbtained 
n¢ ‘radone Zt io the cecond } Moot of the de 
iB products heving 0 Ielf-11f0 pcried of 105 cage. 
“2 veo @btainea by crushing cis eaden ncedice 
010), Bigeoting vith about 5 mle of hot dilnte 
He nela Lor appresimetely ono-naif hour. Tho 
mG Pisrture uno Cooled, (ilnted to oberS Osel to Ge2 UT 
, roorect £0 LpdrecMerio acid ox! tho Jaselublo reteriel 
G8 622. Tho cleer ecicie fiitrate vec then 
a with the ciiver pinto cs do: seri bed and roleniun 
od cut on tho olivore 
s . A gece! cloctrogo en rroperea chen the ‘iret 
om > bad oot mock of Ste activity. i ves propared in the 
- gore vay 50 the firet emcopting thet tho procedure for ~ 
| pbtoingae the roloninm ohleride solution »oc redified accord- 
ang to 0 retted covoribed by Bafeointy (15), in order to 
——— O purer omrie of the oclonium ccrcunde 
Binoe the dopediticn of olondun.en eiivor io 
e~ interfored mth whon the colutienscontainn ostiengs ef 4 
- werdable Jopreo ofiéxidetion Cage ivon, Nozenry, thoee ore 
ronoved: by the follorime proocdurd.s mya 
Sho mdon arymloe are finely grovnd ond. —e 
; with alinte aqua rogics A prooipitetion fo carried cut i 


a (58) 
with ammenium tyéroxide to elinimste elval! salts ana 
OD) es af ar “ae The precipitate ie dissolved in 

: chlorie seid and © selvtion ef hydrazine 
ain 20 percent hyfirochloric sei is aided’. Tho resulting 
“precipitate is digested and then filtered eff. The 
iitrete is then dilcied on4 « thin etiver plate of 
appreziretoly 3 sae ems in cree ic roteted in the solivtion 
for at leest 12 hourns, Mest of the polonium is depesited 
on this foil which ie thon @isselved in het concentratcd 
nitric ecia. Tho silvor is procipiteted by cd4dition 
of hy@rochlorie acid, ‘The filtrate ts eveporated te 
a@zynees end the residue dieselved in © mininium crantity 
of dilute hy@roehlorie eeid (approziretely 0.5 7 }e 
Tho pilvor cleetrode plote is revolved in thie solution 
for 12 hours with the consequent precipitation of the 
pure polonium on the oloctrode plicte. 


31 BXPAUSIOU PATTERNS 
An oxtromely simple and useful technicve for 

the detection and idontification of protcins has been 
@oveloped by V.J.Sehnefor (15). A colored film of 
in@icator o11 ie sprond to covor about helf the froe 
eurfece of the woter in a trough so there is no surfsaco 
prossure. Indicator of1 te proparea by oxidising minerel 

011 wniil © drop of it when placed on the surfece of 
water eproads te give 2 visible grey film of uniform 
thiclknose!d@uplez Pilm). %omo of the protoin is placod 
in the contre of tho patch of indicator oll, oither as 
a drop of solution, or 4 tiny protoin freement. The 


(88) | 
, . apreais out ageinst the indicator oll, its 
atline node visible ee a definite pattern, mown os 
— external spreading pattern. if a emell drop of 
| andieater ©11 is teuched to the centre of the protein 
monolayer, the protein is torn epen by the ofl which 
gives a characteristic internal spreading patterns 
The expansion pettern for popsin is cherm 
_ in Pigure 11, ‘The interne] pattern is stor-1iko; 
usuelly the star has five pointe. Ite typical. externd 
s pattern is smooth end circular. If cevoral vere drove 
. of the o11 wore touched to the eurfecc c* the protein 
monolayer botweon the oxternmal and internal pettern 
bounderics more stars would bo formed, showing thet the 
star is charactoristic «f the protein o ¢@ that it exhibite 
no momory of itn point of origin on the eurfocd.s 


che apparatus required for 2 study of protein 

patterns includes: 

(1) © trough similer to thet ved in other 
monolayer work but having o black botton, 

(2) woxea gloss berriere for confining the 
film, 

(3) indicator oil, 

(4) plotinum wire for depositing the indiesator 
o11 on the surfaco, end 

(5) photographic epparetus for teking pictures 
of the pattorns if these arc desired, 


{he mossuremont of the area of surface coverod 
per molocvioe of f11m forming svbsetance nocossitatcs the 


Figure lle 


Expansion pattern for pepsin 


ele 


Plows fron the fine copillary tip ot 
‘Ble hen the ond of the Since eapillery 
tap Be io removed from the solution | [r 
- the Liquid rommine in the eepililery 
the until 1¢ ie dlocn mite pe 


7 mss Tro nocd. 

OF, TeAMite vere not ropredueibie with thece pipetiess 
oe reer eeport the woe of a micrometer syringe 
pparatus for delivery (5) avd in sone eases 6 voipht 

+ pipette { Ole The uso of om antomatic Di a, pipotte 


‘was ‘@uggeetos in a paper by “oricine ond Sndervsen (G3 {20}. 
+ thie pipette 46 imemn on 2 ELedret St pipette ond to abhor 


Mapromaticaliy in “igere if. In uce the Ldonid to be 
meacured ig drown imto the copaliery 
tubo © of this pirette util 1¢ overe 


Ey 


Figure /& 
Wod4 ett 


| Che pipettes conetructed bad a volume of the 
order of 1/10 fl, and ino serice of doterminatiens the 
average error for the volumes delivered’. wore lees thon 
Oe5 porcente 


Pew, CONT IOs 


Tenpoernture rendingsm of tho etreapherc inelde 
the box exo token with « ealibroted thermometer ant 
temperature aifferences between the liggd@ in the trough 
end the curroundiny: atronnhere aro noted with the aid of 
& oalibrated coppor-constantan thermcelare vt (@ junctions). 


A resoarch type potentiometer od « soneitive gaivaneneter 


arm veed in conjunction with the thermeolenmont to dotormi no 
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CE AND D s0sPice PORBUTIAY APPARATUS. 
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“Ta order to test the surface potential | 
tne ond the Ridesal f21m balance ?lire of coristie 
1 wore investizeteds The ezperirents were esrricé 


nt at roen terporature on 0,01 © hydreehierie acid. 
The resvit He ef three ef the preliminary 


3 aid ae 


porimente ere indiented in Pigure ilie The curves 
(27) (16) in@ieate that the resenremente are of 

| proper crder. Boviations ence nterea eon rondily 
0 aeeonntea for by temperature fluctvation, error in 
measurement of the quantity of acid pleced on the 
| Bee (001 to 0603 rie monenrod with mieropipettes) 
b leakage pact the rubber strands. 

The f 1m balance was shielied from éraughts 
hence. fron large surface terpernture Sluetuctions 


“adh covering of cardboard ané@ a further experinent 


. a 
+ 


< 
~- 


¥ 


Tn the lover ourve eorfaco prepsere ie plotted or-ninet 
‘area per molioenle acenpiced by the film and in the 
| lS curve the change in surface potential is plotted 
egainet the surface crea per molecule. 
| _ ‘She pressrroearea curve shows geod agreement 
with preestre-nrea curves reported by Adam(S5) but a 
Gifference in the area corrospending te the transition 
point is notede | The orror may have been advo to faulty 


1 comps red: mith those obtained by other inveotigetore 


: eweriod ont. che Tesulte ere indicated in Figure 14, 


Surface potential (millivolts) 
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Figure 14. 


Latico aeia Plooed on 

co. or to a oo — in the rate of compression 
Thue Hevkine ond tutting (16) report reloevler sreas 
for the transition point 10 percent lover then these 
ropertod ty Sdarm and shew thot the curves obtained 
are sf eeted by the rote ef compressions 

_ She surface potenticl curve ohews a transition 
point of #he same area as the surfeee proesure eurve and 
agreos Mn renge end chspe vith rescurenente reported 
by. Det4viohien (18). Each value of the surface potential 
show on tho plet is the average cf at least six reade 
ines taren at different positions om the surfseee The 

GtisconBive readings chewed no greater dovintion than 
‘ those reported by Narikine ené PMischor in similar expere 
mente (10). In surface potontiel studios undortelen 
by fortins and Pischer no treancition point was discover d — 
eorrosyondin, to the transition point for surface pressnre 
meneureronte.s Tlowever, it wos found that a hystercsis 
of foot due to the rote of corprosrion ean ceeur and 
it is thought that the results obtained in this vork 
exhibit this phonoronon. 
Surface potential measurements are volrable 

decense they aro rolated to tho oxtent of orient tion 
of the molecules on the eurface and their valves 
Aopond on the dipole rerents of the °ilm producing 
substances as well as on the number of molecules per 


unit areas It io also possible to test the hemogonoity 
of the ourface with ourfaco potential apparetus and so «: 


(39) 


izm the existence ef more than one phase on the 
— fhue in Pigure 14 et srese beyend 50 square 


i | angstroms ngstroms the surface petential fivetuates widely Og 


the eloctroge explores the surface chovine fiat more 
than one phese is prenente the twe vhases in oqvilibrinm 
Ot theee aress are in foet the liqvid ana gaseéus phases. 
She laek of sensitivity of the 84deni balance rendered 
it Anpoosibie to make curface pressure rensnrerents 


_@t theso sreas. 


IX — MBASUREIENTS On uy! MSsPic ACID 1 
HILT BALANCE. | 
In Pigure 15 are eshewn the resuite of 2 
preliminary ‘exporiront with the Wilhelny belances 
nyristic nota wap ogein used on 0,01 I hydrechloric 
aoid elution containod in the Ridenl balance trough. 
the ryrietic seid wae delivered with © eslibreted miero- 
pipotte and the temperature wae approximately 24 degrecs 
Centigraio., ‘This experiment represents tho best of a 
series of four ozperiwents with this belance and was 
oarriod out with the troah enclosed in & gleee and reson- 


bot 


IMS WITH THE 


ite cast. The curve obtained is in very food ssreement 
with thone obteined by Adam (5) at tho same tomperatum 
and clearly demonstrates the applicability of the 
instrumonte a 

Calibration of tho balanco indicated that a 
dolection of one seale division war oquel: te 06041 
aynos / cme, roproaneible with an averare orror of 1612". 


Surface Pressure (dynes / ecm.) 
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(40}).- - . 
However, experiments cf goecous filme were rot under 
token with this epparatus becovse of (1) Limited size 
of tho trough, (2) inability to mossure aml volumes 
of more @ilute solutions accurstoly, (S) inability te 
@ontrol the temperature accurctcly. 
| The choice cf belence for conversion to a 

Wilhelny type belenco was en wmfertunmete ono. The 
mechanical device which relocecd the boam of the balance 
for measurement wae of the lifting types ‘Thus when the 
beam was roleased for reacurcrent the dry glces slide 
was lowered inte the solution inetoné of being raisoé 
out of tho eolution with a vet surfcce and the contact 
angie dbotwoen the water and class ws not always zerds 
chis error would havo beon minimized if the atmosphere 
around tho surface had boon saturated with respect to 
woter vapor, but with rmanval comprossion of the film and 
the typo of enclosuro uscd a rotor saturated atmosphere 
was difficult to obtains 

Reporinents with the Yilhoimy balanec cloarly 
showed the necossity for mechenical menipvintion ef the 
compresoion berrier inside o closed thermostat box tho 
interior of which could be fillodwith a voter saturated 
atmonphero. Thoy furthor indicetod thet another 
anmelyticnl balence should be useds one whose beam covld 
bo released without a loworing of tho beam iteclL. 


III MEASURMIBITS OF PEA PROGEID PIGS ' if CRE RIDBAL 
BALANCB AGP SURFACE POTHITIAL APPARATUS. 
le Spreading technique. 
Various techniques ore used for the spreading 


2 and Rideal ai epread the film 
an ttaehed te a querts fibre whieh 
ha te weighed om e mierobalance before anf ofter spreadings 
— Gerter (23) spreads protein fins fron a very dtiute 
aqueous solution with a mderopipottc. This technicus 
| shag been modizied success uly by Dorz ichian (22) 
| a2 whe adds trom 1 to 2 parts por theusend ef pentane] «1 
: te aid spreedinge well (20) uses Gorter's teehnique 
but uses o concentrated solution of armonium sulfate 
gees oe an underlying liquid, Gorter (£0) and Lenemmir ané 
py Schaefer {24) report that concentreted salt solutions 
™ Bs an underlying iguid aid in the spreading of protein 
zi monolayers Langmair (25) - ‘spreads the protein solution 
along the edge of a nickel strip of length equal to the 
wiath of the trough. ‘he upflow of water preaumbly spreads 
z the protein as a homogeneous ani complote monolayers 
| Corter‘*s method is faverea by most workers 
"and was used in those oxporimonts. Distilled weter, pE Se2, 
«as used ag on underlying Liquide 
2— Resvite 
The force-sree ond surface potential-area | 
curves wore measured for two fractions of pea protein | 
obtained from the Department of Plant Seicncee ‘The | 
results are indicated in Pigere 16 end Figure 17 for the 
water soluble an’ salt eoluble freotions respectively. 
It showld be noted that evrfnce pressure and | 
_ gurfaco potentiel are plotted against total film eres | 
in both cases, It wae dosired to determine the general | 
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neture of the curves and, in fertiedar, tO see whother 


sepabloe of detecting pross UPOWOTOS 

rolotions in the pascous regions 

_ he curves agree in their general eheraecter 
with protein enrves as reported by Bull (20), Philiz ppt 
| (9) ani others {5)e. ‘They report thet generally above 
one dayne /@m prevsuze the protein films exist as liquid 
211m at room tomporaturo and on comproceion become solid 
and elastics | 

S- Bspencion patterns. 

The expancion pettern for 2 film of the weter- 
seluble fraction of pea protoin ves one of the smooth 
 gireular type and in@icates, scooréing to Seneeter, thot 
_ the monoleyer ic in e fluid etege at te"?s |rossure 
(betwoon Oc5 end 140 dyne / cme )e Tho pattern produecd 
by the selt soluble fraction wes of the star-like forme 
Protein monolayers which produce patterns of the stare 
liko form ore in gonerel of the typo described by lughes 
and Rideal o8 2 gol structurce 

4. Intorprotation of Lesvlts.e 

Prom the surface potentiel moasurerents, which 
wore made to much lerrer serene than it was possible to 
detect any surface prossures by tho Ridecl bale CC, at 
would seom that a change of phese to tho geseous state 
occurs at areas of about 190 age ome for both protocinse 
Surfoco potential meaerroements boyond this aroa dropped 
quickly ond Pluoetuation was ovidente | 

Tho expansion pattern for tho weteor solubio 


(43). 


| protein fraction indicates thet it ic fluid ot ers 

of less then 1.0 ayne / om. and it is likoly that,an erea 

of about 90 age cite for the filr, corresponding te a 

surface pressure of about 4.0 to 590 dynes / ete the film 
‘becomes solid and clestice “his is indiesteé by the chance 
in shope of the surface potential curvee The salt soluble 
fraction is 2 gel et pressures ac low os O25 to 1.0 dyne /ome 
ani probebely would not become fluid until oxpansion te 

areas greater than 120 sae cme os indicated by the slope 

of the surface potential curves 


EV MBASURBIEDTS ON MYRLSTiC AGID LibemS Citi SHE DB 
HORIZONTAL BALANCE. 

_ Shree ozporiments vere cordneto’ on myristie 
aed £.1me with the. new horizontal balance using 
0.000175 M, 9.000986 end 0.000044 | solutions of 
ugriatic neid respectively on © 0.01 hydrochloric seid 
substrates A BPlodgott pipette of capacity 9.0716 ml. 
was used for messuring the quantity of solution pleced 
‘on tho surface cach time and compression was slow and 

Calibration of tho balance indicated thet 1- 
sealo division wos oquel to 0.042 dynes / em. ond, 2 
rise in proseure of 0.004 dynoe / Om. was observables 

Tho results for the 060C0,044 | solution are 
plotted in Pigure 10. ‘These rosulte wore chosen for 
{11ustration because with the fullest oxtont of eurzs00 
aveilablo, thoy indicate the nearest approach of the 
Zilm to on idcel two dimensionel gre. “%urfece prossure 
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; Mi ne midtipiica by area per molecule is plotted against 


surface PROOGUECS 
| fhe resemblance to PV-? isotherms for throe 
| Simenetene? gosce is clearly recognizablo. ‘the curve. 
ie eimiior to eusves reported by Adom ona Jessop for 
myristie acid under similer conditions iu7j. she 
eurve shows thet the presevre at large arease reaches 
‘the orfor of the theorctices1 poerfoct es pressure, 
giver by the oquation 

[2 ef ee in which 

/ is the surfeece pressvre in dynes / ome 


A 4 the area per molecvie in aquore ancstromte 
The line (A= 409, corresponding to e tompernture of 25.0 
aoegrees contigrede is shown on tho diccroame Extrapolction 
of the curve to soro surface pressure gives « volvo 
of 4206 | 


Y  WEASURMIENTS OD BGG ALDUMIN FILS WITH CUR TEU 
HORIZOUSAL BALANCE AUD ThE WILMELEY bALA05. 

In order to further tost the nov horisontel 
balance and tho Wilhelmy belence an experiment vas 
carried out with ogg elbuming ‘ull (20) me bie, 
by moseuring surface pressure - area relations in the 
gaseous phase,to evaluate the moleculer woight of Ose 
albumin and abtainod « value (44,400) in good agreemont 
with molecular weight values by other methods. Im his 
dotermination ho used the Walhelmy belanee and a 35 
percent solution of ammonium sulfate as en underlying 
solutions. Thet the eogz albumin is pure is indiestod 


(45) 


=pension pattern show in Mgure 19. Seth the 

internal end external Spreading potterne cre typicel.s 
She details of his methed were duplicated in every 
iknewn veepect in this exporirert and the results are 
indiested in Pigures 20, 21, 22. | 

In Mure 20 are plotted values ebtained for 
| PA against FY when surface pressures are low with the 
horizontal balange. and the monolayer is in © gesecus 
state. The bost Straight line throvch the points show 
wes eolevlated by the method of least equares. “he re- 
sulting equation (4 = 0.986F + 0.06/ aan 
favorably with thet of Bull, viz; 

PA = © 97oFf ¢ 0.0557 
The moleculer weight for ozs albumin caleninted on the 
basis of the ifeel ges laws ic 40,500, a velve within 
iv percent of Iull's. 

The Wilheimy balance 414 not respond tery 
well in this determination st low surface prossvres but 
ite range of epplicetion yielded volves for high svrfece 


pressures, ice up to 25 dynes / ome whereas the horisonteal 
would require @ lorger @iameter torsion wire for such 
mensuromentse 

In Piguro 21 are plotted values of P agninst 
A for values of sree emaller then 1.5 sce meters per mre 
of ogg elbumin, surface pressures up to noarly 25 aynos/eme 
Only five points worn «tained for thie portion of the 
curve duo to tho fect that the area of the film m8 8G 
omall in this renge of pressures thet a decroase ef areca 


eaused by a & to 5 mms. Pforwerd motion of the compression 


Figure 19, 


Expansion pattern for 


ege albumin 
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Figure 20. 
FA-F curve for egg albumin with the 


horizontal balance 
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Compressibility Coefficient 
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Pigure 22. 


Compressibility coefficient for 
egg albumin on Wilhelmy balance 
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Figure 2le 
Force-area curve for egg albumin on Wilhelmy 
balance 
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7 soreased the area se much as 612 ng ef. 

protein. “or more careful investication of this pertion 

- ofr the eurve more protein would be place@ on the eurface 
initisliy with the whele available trough surfece re- 


sulting in = coverage of 1.3 sg. u./ mee of protoine The 
, Curve however fairly well esrese with thet reported by 
Bulli, end when corpressibility of the protein ss obtained 
by drawing tengents to the curve ic plotted against 
- grea / mg. of protein (Pisvre 22) = exrve very much the 
geme ee Bull's is obtoined. | 
| Sell reports @ minimem compressibility co- 
eificiont occurring at 0.82 sce me/Mee Vhoreses in 
7 Figure 21 the minimum cecurs 2% 0.05 OGe Me / MSs 
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She Eideal balance wes used in preliminary 
etudies of protein monolayers and its applicability. 

“hag dDeon tested with measurements on myristic ceid 
monelayerse from the neture of the resvlts obtained 
it wee decided to design = new horisontal balance. 
The conetruetion of this balance hes beon deseribed in 

An apparatus for the dotorminaticn of changes 
in surface potential has beon doveloped and enuccessfully 
used for surface potential moncuromonts on myristie seid 
end pes protein films. ‘ho sonsitivity ond epplieability. 
of the inotrument compare fevorably with others devoloped 
fer tho samo purpose (10), (11). 

A Wilhelmy belence has bee .consiructcd Lor | 
the purpose of measuring surface prossures simltancously 
with the horizontal balance. It me tosted by determining 
an ares curve for myristic acid in the liquid states 
Good rosults wore obtained with this belanco but were 
not reprodveible. Difficulty is experienced in minteining 
@ soro contect angie botween the wator and the slidee 
For moro sensitive measurements with this belanco o 
thinner ond wider siide might be ueode 

The high dogree of precision required for 
surface pressuro monsurements of films in the gaseous 
region hee been attained by tho use of the new horizontal 
balances, Ite application in thie respect has been shown 
in the results for geecous myristic acid films which 
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correspond very olovoly | to results reported by Adam 
and Joscop (27). 
| Che molecvlar Weight ef ege slburin was 
~ _- @eterminea from the aurface proseure-arce relation 
moesured by the now herizonte] film belance. “1theren 
only one oxperinent was rede, © value of 40,400 for the 
ea, noleeular Weight of the ege albumin wes obtained, a 
reeult whieh compared favorably with thet ef anil (20) 
who used the Vilhelmy belonce. thie clearly demonstrates 
‘thet the new horizontal] belence ean be used to meassre 
the molecular veighte of proteins which fem .menoleyerse 
The uso of expansion petterns te 214 in the 
interpretation of surfsce pressure and petentisl meanere= 
monts hes beon demonstrated. “hey can also bo used to 
quickly determine the purity of « protoin whese pattern 
is Imovne ‘The pattern technique wae vsed te indicate 
‘that tho ogr albumin, whose moleculer voight was determine’, 
was roasonably puree 
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